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• First attempt to automate the effer-
vescence assisted dispersive liquid–
liquid microextraction.
• Automation based on Stepwise injec-
tion analysis manifold in ﬂow batch
system.
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solvent and the effervescence agent.
• Phase separation performed by gen-
tle bubbling of nitrogen.
• Application for the determination of
antipyrine in saliva samples.
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a b s t r a c t
A ﬁrst attempt to automate the effervescence assisted dispersive liquid–liquid microextraction (EA-
DLLME) has been reported. The method is based on the aspiration of a sample and all required aqueous
reagents into the stepwise injection analysis (SWIA) manifold, followed by simultaneous counterﬂow in-
jection of the extraction solvent (dichloromethane), the mixture of the effervescence agent (0.5 mol L−1
Na2CO3) and the proton donor solution (1 mol L
−1 CH3COOH). Formation of carbon dioxide microbubbles
generated in situ leads to the dispersion of the extraction solvent in the whole aqueous sample and ex-
traction of the analyte into organic phase. Unlike the conventional DLLME, in the case of EA-DLLME, the
addition of dispersive solvent, as well as, time consuming centrifugation step for disruption of the cloudy
state is avoided. The phase separation was achieved by gentle bubbling of nitrogen stream (2 mL min−1
during 2 min).
The performance of the suggested approach is demonstrated by determination of antipyrine in saliva
samples. The procedure is based on the derivatization of antipyrine by nitrite-ion followed by EA-DLLME
of 4-nitrosoantipyrine and subsequent UV–Vis detection using SWIA manifold. The absorbance of the
yellow-colored extract at the wavelength of 345 nm obeys Beer’s law in the range of 1.5–100 μmol L−1
of antipyrine in saliva. The LOD, calculated from a blank test based on 3σ , was 0.5 μmol L−1.
© 2015 Elsevier B.V. All rights reserved.
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Sample preparation plays an important role in chemical analysis
1]. As usual, it includes the separation and/or pre-concentration
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Mof the analytes from the sample matrix with the improvements
of selectivity and sensitivity. One of the most common separa-
tion and pre-concentration methods is the liquid–liquid extrac-
tion (LLE) characterized by simplicity and reliability. However, con-
ventional LLE is time consuming and requires large amounts of
organic solvents [2]. Currently, miniaturization; i.e., the signiﬁ-
cant reduction of the volume of hazardous solvents, which cor-
respond to the concept of Green analytical chemistry (GAC), is of
high demand [3]. Thus, aiming to improve the analytical perfor-
mance of pre-treatment stage and satisfy the requirements of GAC,
several liquid–liquid microextraction techniques have been devel-
oped [4,5]. One of them is dispersive liquid–liquid microextraction
(DLLME), introduced by Rezaee et al., in 2006 [6].
Despite the obvious advantages, the DLLME has certain draw-
backs which primarily result from requirements related to the ex-
traction and dispersive solvents, since the addition of relatively
high volume of dispersive solvent may increase the solubility of
target analytes in aqueous phase. Various approaches such as,
ultrasound-assisted emulsiﬁcation microextraction [7], ultrasound-
assisted surfactant-enhanced microextraction [8], vortex-assisted
liquid–liquid microextraction [9] and vortex-assisted surfactant-
enhanced emulsiﬁcation liquid–liquid microextraction [10,11], were
reported to overcome this disadvantage.
Very recently, the effervescence assisted dispersive liquid–liquid
microextraction (EA-DLLME) was reported by Valcárcel et al. [12–
14] and further developed by other researchers [15–17]. As usual,
the EA-DLLME procedure involves adding Na2CO3 to an aqueous
sample; after which an acid solution as proton donor, and an ex-
traction solvent are added. As a result, CO2 microbubbles are gen-
erated. The extraction solvent is easily and homogeneously dis-
tributed into the sample, and target analytes are extracted into or-
ganic phase.
Another important and rapidly growing trend in modern ana-
lytical chemistry is the automation of analytical procedures. Flow
based methods can be recognized as a universal tool for automa-
tion of a wide variety of analytical procedures, including DLLME
[18,19]. Recently, there have been several approaches suggested
for the implementation of various DLLME modes in ﬂow systems,
based on microcolumn phase separation [20], in-syringe approach
[21], coupling with ﬂow-batch sequential injection [22] and step-
wise injection [23] systems, as well as, magnetic stirring [24].
However, to the best of our knowledge, the automation of EA-
DLLME has not been reported yet.
Therefore, the aim of this work is to develop an approach for
the automation of EA-DLLME. The stepwise injection analysis [25–
29] was chosen for this purpose. The extraction procedure has
been optimized and applied for the determination of antipyrine in
saliva samples. Antipyrine was selected as a model analyte due to
the fact that antipyrine saliva half-life is widely used for the as-
sessment of the activity of human hepatic mono-oxygenase system
[30].
2. Experimental
2.1. Chemicals and reagents
All chemicals were of analytical reagent grade. Ultra-pure water
was prepared by a Millipore Milli-Q puriﬁcation system (Bedford,
MA, USA). The 500 μmol L−1 stock solution of antipyrine was pre-
pared by dissolving of the corresponding amount of the reagent
(Aldrich, Germany) in water. The solution was stored in a dark
place at 5 °C and used within 2 months. The working solutions
were prepared daily by appropriate dilution of the stock solution
with water. For antipyrine derivatization, the 6 mmol L−1 solution
of sodium nitrite and 0.5 mol L−1 solution of sulfuric acid were
used. The 0.5 mol L−1 solution of Na CO and 1 mol L−1 solution2 3f CH3COOH were used as effervescence agent and proton donor,
espectively. Chloroform, tetrachloromethane, dichloromethane and
etrachloroethylene (Aldrich, Germany) were tested as extraction
olvent. As a mobile phase, the methanol-phosphate buffer solu-
ion (45:55, v/v) with pH 7 was used. The phosphate buffer solu-
ion was prepared by mixing 60 mmol L−1 solution of KH2PO4 and
0 mmol L−1 solution of Na2HPO4 (39:61, v/v). The pH was con-
rolled with a pH meter.
.2. Sampling and sample preparation
Human saliva samples were collected from volunteers after 3 h
f antipyrine ingestion. Pills containing 0.6 g of antipyrine were
ngested per os; after pre-rinsing the oral cavity with water. The
amples were collected in previously-weighed polypropylene coni-
al tubes, and re-weighed to calculate the amount of sample to be
nalyzed. Then, 2 mL of the sample was diluted with 3 mL of wa-
er, mixed and centrifuged at 5000 rpm for 5 min. The supernatant
olution was collected and 1 mL of it was analyzed according to
he developed SWIA procedure.
.3. SWIA manifold
The SWIA manifold (Fig. 1) consists of a central eight-port
election valve (Cole-Parmer, USA); multisyringe module 4S (Cri-
on, Spain) equipped with three 1 mL syringes and three 2-way
olenoid valves; two peristaltic pumps (Cole-Parmer, USA) with
odiﬁed PVC pumping tubes (Watson-Marlow, Russia) ensuring a
everse ﬂow (0.5–5 mL min−1); PTFE mixing chamber (10 mm in
.d., 5 cm at height) with channels from the side, top and bot-
om; PTFE mixing coil (1 mm i.d., 50 cm at length) and PTFE com-
unication tubes (0.5 mm i.d.). The manifold is equipped with a
SB 4000 spectrophotometer (Ocean Optics Inc., USA), a 50 mm
ath length ﬂow cell (FIAlab® Instruments Inc., Bellevue, USA) with
he dead volume equal to 0.15 mL, optical ﬁbers QP400–2–UV–VIS
Ocean Optics Inc., USA) and a Model D 1000 CE UV light source
Analytical Instrument System Inc., USA). Data acquisition was per-
ormed using Sciware Systems® software.
.4. Procedure for the SWIA determination of аntipyrine
At the ﬁrst stage (derivatization step), the solutions required for
ntipyrine derivatization were sequentially delivered into the mix-
ng chamber (port 1) through the ports of the valve by the move-
ent of the peristaltic pump (1) in the following order: 1 mL of
he sample supernatant (or calibration standard solution) (port а),
mL of 0.5 mol L−1 H2SO4 (port b) and 1 mL of 6 mmol L−1
aNO3 (port c). To stir the solutions, a ﬂow of nitrogen gas was
assed through port d at a rate of 1 mL min−1 for 6 min.
At the second stage (EA-DLLME step), the solenoid valves of the
ultisyringe module were switched to position ON (left) in or-
er to ﬁll syringe with 0.5 mol L−1 Na2CO3, 1 mol L−1 CH3COOH
nd dichloromethane. The valves of the multisyringe module were
witched to position OFF (right) in order to sequentially inject
00 μL of 0.5 mol L−1 Na2CO3, 300 μL of 1 mol L−1 CH3COOH
port 3) and 300 μL of dichloromethane (port 2) into the MC con-
aining 4-nitrosoantipyrine solution (obtained in the derivatization
tep) in counterﬂow mode at a ﬂow rate of 1.5 mL min−1. The so-
utions of Na2CO3 and CH3COOH were mixed in the mixing coil
efore that. After the extraction was ﬁnished (1 min), a ﬂow of ni-
rogen gas was passed through port d at a rate of 2 mL min−1 for
min; to remove the CO2 bubbles by movement of the peristaltic
ump (1). Nitrogen was supplied from a portable tank (pressure
ess than 0.1 mPa).
At the ﬁnal stage (detection), the extract was moved from the
C into the ﬂow cell of the detector through the peristaltic pump
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Fig. 1. The SWIA manifold for antipyrine determination with EA-DLLME.
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i2) with modiﬁed PVC pumping tube (Watson-Marlow, Russia). The
bsorbance was measured under stop-ﬂow conditions for 20 s at
45 nm wavelength. Afterwards, the extract and sample solution
ere delivered from MC to the waste. To avoid the memory effects
etween samples, the manifold was rinsed with 1 ml of ethanol
port e).
.5. Instrumentation and procedure for reference HPLC-MS method
or the determination of antipyrine
1 mL of chloroform was added to 1 mL of supernatant, and the
ixture was mixed thoroughly. At the next stage, the mixture was
entrifuged for 2 min at 3000 rpm. After that, the organic phase
as collected, using syringe and put in polypropylene conical tube.
he organic phase was evaporated from tube using water bath un-
er the ﬂow of argon and then, 0.5 mL of water was added.
HPLC-MS analysis was carried out on a Shimadzu LC-20 Promi-
ence liquid chromatograph (Shimadzu Corporation, Kyoto, Japan).
he chromatographic separation was achieved by Luna C18 col-
mn (150 mm × 4.6 mm, 5 μm particle size). The procedure was
aken from a standard protocol. A gradient program was employed
or chromatographic separation with solvent A (10 mmol L−1 so-
ution of triethylamine in water) and solvent B (acetonitrile). The
njection volume was 0.5 μL. Linear gradient elution (SM Ta-
le 1) with a ﬂow rate of 1 mL min−1 was used. The column
emperature was conditioned at 35 °C. A MaXis (Bruker Dal-
onik GmbH, Germany) mass spectrometer equipped with ESI-
TOF source was used for mass spectrometric detection. The
uantitative analyses of antipyrine and its metabolites in human
aliva were performed using multiple reaction monitoring method
MRM) (SM Fig. 1). The dwell time was set to 200 ms for each
RM transition. The Masslynx 4.1 software (Waters Corp., Mil-
ord, MA, USA) was used for data acquisition and instrument
ontrol.
. Results and discussion
Determination of antipyrine is based on its derivatization in the
resence of nitrite-ions in an acidic medium, with the formation
f colored 4-nitrosoantipyrine. Previously, it was found that, the
ate of derivatization increases with increasing concentration of ni-
rite ions, and is almost completed within 3 min, with 6 mmol L−1aNO3, 0.5 mol L
−1 H2SO4, at temperature of 20 ± 5 °C, of opti-
al conditions [23]. Therefore, these conditions were selected as
he default for further optimization.
.1. Investigation of appropriate conditions of EA-DLLME
.1.1. Selection of the extraction solvent
The requirements for extraction solvent in EA-DLLME are sim-
lar as in conventional DLLME: high eﬃciency for extraction of
he target analyte and minimum signal of the blank test. Various
xtraction chlorinated solvents (chloroform, tetrachloromethane,
ichloromethane and tetrachlorethylene) were investigated to have
higher density than water. Consequently, droplets of the organic
hase, containing the analyte, were self-sedimented. It was found
hat, the most effective extractant is dichloromethane, which pro-
ides maximum extraction of 4-nitrosoantipyrine and minimum
bsorbance of the blank test (SM Fig. 2).
.1.2. Investigation of various injection modes
Three different modes of injection of the solutions of effer-
escence agent, the proton donor, as well as, the extraction sol-
ent into MC, containing derivatized antipyrine were investigated
Fig. 2). In all the cases, the solutions of the effervescence agent
Na2CO3) and proton donor (CH3COOH) were mixed in the mix-
ng coil. Afterwards, this mixed solution, containing carbon diox-
de microbubbles, was delivered into the MC, containing deriva-
ized antipyrine solution: in the ﬁrst mode via bottom channel (1)
f MC, while the extraction solvent was injected via bottom side-
ay channel (2) (Fig. 2A); in the second mode via bottom side-
ay channel (2) of MC, while the extraction solvent was injected
ia bottom channel (1) (Fig. 2B); and ﬁnally in the third mode via
ottom sideway channel (2) of MC, while the extraction solvent
as injected via top sideway channel (3) of MC (Fig. 2C). In all
he cases, after the EA-DLLME procedure, the extract was passed
hrough the bottom channel to the detector. The solution of the
-nitrosoantipyrine was prepared separately from the working so-
ution of antipyrine. The initial set of parameter values used was:
-nitrosoantipyrine solution volume and concentration – 3 mL and
mg L−1, respectively. The ﬂow rate of 2 mL min−1 and volume
f 300 μL were selected for each solution: 0.5 mol L−1 Na2CO3,
mol L−1 CH3COOH and dichloromethane.
The criteria for selecting injection mode were: highest analyt-
cal response, and better reproducibility, expressed by RSD. The
132 K. Medinskaia et al. / Analytica Chimica Acta 902 (2016) 129–134
Fig. 2. Modes of EA-DLLME: A, extraction solvent via bottom sideway channel; B, extraction solvent via bottom channel; C, counterﬂow injection mode, extraction solvent
via top sideway channel.
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oresults showed that the third counterﬂow injection mode is the
most suitable (Fig. 3A). In this case, in situ formed CO2 microbub-
bles and extraction solvent are simultaneously directed from oppo-
site ends and eﬃcient dispersion of extraction solvent is observed
leading to the extraction of the analyte. Therefore, this mode was
selected for further experiments.
3.1.3. Effect of ﬂow rate and reagents concentration
The ﬂow rates for CH3COOH and Na2CO3 solutions were simul-
taneously varied from 0.5 to 5 mL min−1. It was found (Fig. 3B)
that ﬂow rate of 1.5 mL min−1 provides the extraction eﬃciency
and simultaneous minimum value of RSD. At higher ﬂow rates, theFig. 3. Investigation of appropriate experimental conditions: A. Modes of EA-DLLME (for d
of Na2CO3.ispersion of extraction solvent occurs faster but reproducibility is
igniﬁcantly reduced.
The effect of the concentration of CH3COOH and Na2CO3 from
.2 to 2 mol L−1 and from 0.1 to 1 mol L−1, respectively was stud-
ed as well. Based on the results obtained (Fig. 3C, D), 1 mol L−1
H3COOH and 0.5 mol L
−1 Na2CO3 were chosen for further exper-
ments.
.2. Interference effect
The effect of major saliva compounds and the main metabolites
f antipyrine (noratipyrine and 4-hydroxyanipyrine) on the SWIAetails see Fig. 2); B. The effect of ﬂow rate; C. The effect of CH3COOH; D. The effect
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Table 1
Comparison of the developed method with existing methods for antipyrine determination in saliva.
Detection technique Sample pretreatment Fully automated technique Linear range, μmol L−1 LOD, μmol L−1 RSD, % Time of analysis, min Ref.
MECC Deprotonization, separation No 30–350 10 4.8 8 [31]
LC-UV Deprotonization, separation No 3–100 1 8.8 – [32]
LC LLE, evaporation and dissolution No 5–50 1.5 4.3 10 [33]
HPLC LLE, evaporation and dissolution No 5–250 0.5 7 15 [34]
SWIA Derivatization and DLLME Yes 3–200 1 2.5 12 [23]
SWIA Derivatization and EA-DLLME Yes 1.5–100 0.5 2.5 10 This work
MECC – micellar electrokinetic chromatography, LC – liquid chromargraphy, HPLC – high performance liquid chromatography, DLLME – dispersive liquid–liquid microextrac-
tion, SWIA – stepwise injection analysis, EA-DLLME – effervescence assisted dispersive liquid–liquid microextraction.
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hetermination of antipyrine was also investigated. This was done
y adding known concentrations of each compound in order to
x Cl−, PO4
3−, SCN−, HCO3
−, noratipyrine and 4-hydroxyanipyrine
oncentrations into 20 μmol L−1 solution of antipyrine. The toler-
ble concentration of each taken foreign compound is considered
o be less than 5% of relative error in the signal. At least more
han 100-fold excess of Cl−, PO4
3−, SCN− and HCO3
− is tolerated
or the determination of antipyrine. It was found, that noratipyrine
nd 4-hydroxyanipyrine interfered even at their 1-fold and 100-
old excess, respectively. Thus, the content of noratipyrine and 4-
ydroxyanipyrine in saliva samples 3 h after antipyrine ingestion
as studied using HPLC-MS method. It was established that no-
atipyrine and 4-hydroxyanipyrine are in combined state with pro-
eins, and therefore, it was concluded that metabolites interference
as be negligible.
.3. Analytical performance
Under optimal conditions, the proposed method is character-
zed by a linear calibration range of 1.5–100 μmol L−1 of an-
ipyrine in saliva (A = (0.1893 ± 0.0038)·[C], where A is ab-
orbance, C is concentration of antipyrine in μmol L−1), with cor-
elation coeﬃcient (r2) of 0.998, and the limit of detection is
.5 μmol L−1 (3σ ). The method repeatability expressed as RSD
n = 10) is 2.5% and 2% at 1.5 μmol L−1 and 100 μmol L−1, respec-
ively. The sampling rate is 10 samples h−1. Comparison of the ana-
ytical performance of the proposed method with existing methods
or determination of antipyrine in saliva is presented in Table 1.
he data show the proposed method is superior with respect to all
ey analytical ﬁgures of merit. The described method is fully auto-
ated and more sensitive [23], since the application of dispersive
olvent that can affect the solubility of the analyte in the aqueous
hase is avoided.
.4. Application
The proposed procedure was applied for the analysis of saliva
amples. Approval was obtained from the Ethical Committee of
aint Petersburg State University Hospital. The obtained results
howed no signiﬁcant differences in antipyrine concentration ob-
ained by the suggested and the reference method (Table 2). Theable 2
omparison of results of determination of antipyrine in saliva (n = 5, P = 0.95,
kr = 6.9).
Volunteer Antipyrine concentration,
10−6 mol L−1
F-test
SWIA HPLC-MS
No 1 4.1 ± 0.2 4.0 ± 0.2 3.6
No 2 23 ± 1 24 ± 1 4.0
No 3 50 ± 2 48 ± 2 3.3
Raired t-test shows the antipyrine contents found using the EA-
LLME-SWIA method were insigniﬁcantly different from those ob-
ained by the HPLC-MS method at a 95% conﬁdence level.
. Conclusions
The most important features of the EA-DLLME over conven-
ional DLLME are: acceleration of phase equilibrium and phase
eparation and in situ generation of CO2 as dispersive force in-
tead of the addition of a dispersive solvent [12]. The EA-DLLME
ow is fully automated based on stepwise injection analysis mani-
old. Various arrangements of the suggested manifold were tested.
he results show that, the counterﬂow injection mode in which
n situ formed CO2 microbubbles and extraction solvent are simul-
aneously directed from opposite ends of the mixing chamber is
he most suitable. Formation of microbubbles leads to thorough
ispersion of the extraction solvent in the whole aqueous sam-
le, and resulting in eﬃcient extraction of the analyte into the or-
anic phase. The application of dispersive solvent, as well as, time-
onsuming centrifugation step for the disruption of cloudy state
s avoided. The phase separation was achieved by gentle ﬂow of
itrogen stream. The eﬃciency of the developed procedure was
emonstrated by determination of antipyrine in saliva samples.
he suggested approach can also be applied to procedures for the
etermination of other analytes in different samples.
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